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Objective: Compensatory sweating is the most common and troublesome complication of thoracodorsal sympathectomy.
Whether the magnitude of compensatory sweating is related to the extent of sympathectomy is unclear. We investigated
the association between the extent of sympathectomy and the occurrence and severity of compensatory sweating after
endoscopic transthoracic sympathectomy for upper limb hyperhidrosis.
Methods: From September 1992 to June 2000, data from patients undergoing thoracoscopic sympathectomy to treat
primary upper limb hyperhidrosis in our department were prospectively collected. Routine follow-up with clinical
examination was performed at 1, 3, and 6 months for the first postoperative year and every year thereafter. Late follow-up
(February 2001) was with a standardized questionnaire by mail or telephone concerning compensatory sweating and
patient satisfaction. Associations between the extent of sympathectomy and the occurrence and severity of compensatory
sweating were analyzed with logistic regression and adjusted for age, gender, and relevant confounding factors.
Results: Two hundred sixty-eight sympathectomies were consecutively performed in 134 patients (99 female, 35 male;
mean age, 27.8 6.7 years). In the 84 patients with palmar hyperhidrosis, eight underwent T1-T2 resection, four T1-T3
resection, eight T2-T3 resection, and 64 T2-T4 resection. In the 43 patients with palmar and axillary hyperhidrosis, eight
underwent T1-T5 resection and 35 T2-T5 resection. The seven patients with isolated axillary hyperhidrosis underwent
T3-T5 sympathectomy. No deaths occurred; one conversion for bleeding, one permanent Horner’s syndrome, and six
minor complications did occur. The initial cure rate was 99.2%. The initial satisfaction rate was 97%. The mean follow-up
period was 44.3 months (range, 7 to 100 months), and complete follow-up was available in 132 patients (98.5%).
Ninety-five patients (71.9%) had compensatory sweating develop. Seventy patients (53%) judged their compensatory
sweating to be minor and intermittent, and 25 patients (19%) judged it severe (16% embarrassing, 3% disabling). On
univariate and multivariate analysis, the extent of denervation was not associated with the occurrence or the severity of
compensatory sweating. The late satisfaction rate was 91.5%. Compensatory sweating and temporary relief/recurrence
were equally considered to be the main causes of dissatisfaction.
Conclusion: Compensatory sweating was the most common long-term complication of thoracodorsal sympathectomy for
primary hyperhidrosis. Its incidence and severity were not associated with the extent of sympathectomy. (J Vasc Surg
2003;37:124-8.)
Endoscopic transthoracic sympathectomy is a popular
surgical technique to treat severe refractory essential hyper-
hidrosis because it is a safe, effective, and minimally invasive
method. However, this is sometimes offset by the develop-
ment of disturbing side effects, especially compensatory
sweating (CS).1
In most series, CS seems to be the most common
symptom in patients with postoperative disatisfaction de-
spite successful surgery. According to Shelley and Flo-
rence,2 postsympathectomy CS serves a thermoregulatory
function. Although they did not show it, they suggested
that the magnitude of CS reflects the extent of denervation.
On the basis of this theory, several investigators have advo-
cated the use of limited or selective sympathectomy and
have reported their midterm results with mixed conclu-
sions.3-6 On the other hand, Wilkinson7 suggested that
patients were more likely to have severe CS if their preex-
isting hyperhidrosis included more widespread pathologic
sweating. Other factors that may account for a high inci-
dence rate of severe CS include hot and humid climate,5
bilateral versus unilateral sympathectomy,8 and a positive
family history.7,9
In this study, we especially aimed to investigate
whether the extent of denervation was predictive of the
occurrence and severity of postoperative CS. We also stud-
ied the influence of age, gender, family history, and com-
bined plantar hyperhidrosis with multivariate analysis.
PATIENTS AND METHODS
From September 1992 to June 2000, data from pa-
tients undergoing thoracoscopic sympathectomy to treat
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primary upper limb hyperhidrosis in our vascular and tho-
racic surgery department (Beaujon University Hospital,
Clichy, France) were prospectively collected. Data includ-
ed: patient demographics, family history, clinical indica-
tions for surgery, previous therapies, surgical details, imme-
diate and late outcome, and complications. The immediate
success and satisfaction with the procedure was evaluated
with a standardized questionnaire on the day of discharge
from the hospital. Routine follow-up with clinical exami-
nation was performed at 1, 3, and 6 months for the first
postoperative year and every year thereafter. For late fol-
low-up (February 2001), patients completed a standard-
ized questionnaire by mail or telephone concerning CS and
patient satisfaction. To quantify the amount of CS at vari-
ous sites (chest, abdomen, back, thighs), CS was graded as
follow: 1, absent; 2, minor and intermittent, 3, embarassing
(ie, excessive sweating in a hot environment or during
exercise); and 4, disabling (ie, almost permanent, need to
change during the day, asked for complementary treat-
ment). For statistical analysis, patients in whom embarrass-
ing or disabling CS developed were regrouped as having
severe CS.
Surgical technique. Endoscopic transthoracic sympa-
thectomy was performed according to a previously de-
scribed technique.10 Briefly, all patients underwent one-
stage bilateral endoscopic transthoracic sympathectomy
with general anesthesia with a double lumen endotracheal
tube with no insufflation of carbon dioxide. All patients had
three ports (two for instruments and one for a video cam-
era). Port entries are illustrated in the Fig. In the first 20
patients with palmar hyperhidrosis, the upper limit of sym-
pathetic chain resection included the lower part of the
stellate ganglia, and Horner’s syndrome was observed.
Subsequently, T1 was not excised, and the sympathetic
chain was divided and removed (including the fibers of
Kuntz) en bloc (2 cm along) with sharp dissection (no
electrocautery) from T2 to T3 or T2 to T4 in patients with
palmar hyperhidrosis and from T2 to T5 in patients with a
combination of palmar and axillary hyperhidrosis. Patients
with isolated axillary hyperhidrosis underwent T3-T5 sym-
pathectomy. Histologic confirmation of the sympathetic
chain was obtained in all cases.
Statistical analysis. Results are expressed as the
mean  the standard deviation for quantitative variables.
Comparisons of continuous and categoric variables were
made with the unpaired Student t test, analysis of variance,
and Fisher exact test when indicated. To avoid bias linked
to potential confounding variables, we used multiple logis-
tic regression analysis to assess the effect of the extent of
surgical resection (two, three, or more than four ganglia)
on the occurrence or severity of CS. In a first step, age,
gender, familial history, combined plantar hyperhidrosis,
and extent of surgical resection were screened with univar-
iate analysis for their association with the occurrence and
severity of CS. In a second step, all these variables were
introduced into the multiple logistic regression model to
produce adjusted estimates of the effect of these variables
on the occurrence and severity of CS. A P value of less than
.05 was considered significant.
RESULTS
Two hundred sixty-eight sympathectomies were con-
secutively performed in 134 patients (99 female, 35 male;
mean age, 27.8  6.7 years). The locations of excessive
sweating indicating surgery were palmar in 84 patients,
axillary in seven patients, and a combination in 43 patients.
Pedal hyperhidrosis affected 91 patients (approximately
80% of whom had widespread hyperhidrosis). In all cases,
hyperhidrosis was bilateral. Ninety-two patients (68.6%)
had had hyperhidrosis since childhood, 28 (20.8%) since
puberty, and 14 (10.4%) for less than 10 years. Fifty-five
subjects (41%) had a family history of hyperhidrosis. Con-
servative treatment had been tried without effect in all cases
and included numerous topical (antiperspirants, aluminium
chloride hexahydrate) and alternative therapies, including
100% iontophoresis. In the 84 patients with palmar hyper-
hidrosis, eight underwent T1-T2 resection, four T1-T3
resection, eight T2-T3 resection, and 64 T2-T4 resection.
In the 43 patients with palmar and axillary hyperhidrosis,
eight underwent T1-T5 resection and 35 T2-T5 resection.
The seven patients with isolated axillary hyperhidrosis un-
Port placement: one in third intercostal space, two in sixth inter-
costal space. 1 and 2, Instrumental ports; 3, video camera port.
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derwent T3-T5 sympathectomy. Table I shows patient
characteristics according to the extent of denervation.
No deaths occurred; one conversion for bleeding, one
permanent Horner’s syndrome, and six minor complica-
tions (three temporary Horner’s syndrome, two pneumo-
thorax, one intercostal neuralgia) that resolved with no
further surgery did occur. All patients except one were
initially cured (cure rate, 99.2%). Failure to achieve anhy-
drosis correlated with the absence of ganglia in the histo-
logic specimen led to successful reoperation in this patient
48 hours after the initial procedure. Initial satisfaction rate
was 97%. Four patients were dissatisfied with the immediate
outcome of the operation (one with conversion, two with
Horner’s syndrome, one with neuralgia). The mean hospi-
tal stay was 2.8 days (range, 1 to 7 days).
The mean follow-up period was 44.3 months (range, 7
to 100 months). In February 2001, 119 patients answered
the postal questionnaire, and the 13 who did not were
contacted by phone, resulting in a 98.5% complete follow-
up. Ninety-five patients (71.9%) had CS develop 2 to 7
months after endoscopic transthoracic sympathectomy
(median, 3 months) CS affected the back (n  72), chest
(n 63), abdomen (n 48), or buttocks/thighs (n 53).
Seventy patients judged their CS to be minor and intermit-
tent, 21 embarrassing in a hot environment or during
exercise, and four disabling. Tables II and III show the
association of CS (Table II) or embarrassing and disabling
CS (Table III) with the extent of denervation and four
general baseline characteristics. On univariate and multivar-
iate analysis, age was the sole variable associated with a
statistically significant increase in the occurrence of CS but
not with severe CS. The extent of denervation was not
associated with the occurrence or the severity of CS. The
number of groups and the heterogeneous sample sizes
made it impossible to analyze the relationship between the
level of resection and CS.
Four patients who underwent limited sympathectomies
(T1-T2, n 3; T2-T3, n 1) for palmar hyperhidrosis had
temporary relief/recurrence at 2, 6, 9, and 45 months,
respectively, after the initial procedure, and three of them
had postoperative axillary CS. Of these four patients, three
underwent redo thoracoscopic sympathectomy extended
Table I. Baseline characteristics of 134 patients according to extent of denervation
Variable Two ggl (n  16) Three ggl (n  75) Four or more ggl (n  43) P value
Age (y) (SD) 26.3 (5.1) 27.5 (5.8) 28.9 (8.5) .35
Female gender 13 (81.2%) 54 (72.0%) 32 (74.4%) .88
Positive family history 6 (37.5%) 34 (46.6%) 15 (34.9%) .47
Plantar hyperhidrosis 11 (68.8%) 57 (78.1%) 23 (53.5%) .02*
*Statistical significance.
SD, Standard deviation; ggl, ganglia.
Table II. Compensatory sweating (n  95; 71.9%) in 132 patients with complete follow-up
Variable Odds ratio 95% CI P value
Age (per year increase) 0.92 0.87-0.98 .015*
Female gender 0.59 0.22-1.60 .30
Positive familial history 0.89 0.39-2.00 .77
Combined plantar hyperhidrosis 1.31 0.55-3.10 .54
Extent of denervation
Two ganglia (n  16) 1 –
Three ganglia (n  73) 1.51 0.45-5.12 .51
Four or more ganglia (n  43) 1.22 0.33-4.45 .77
*Statistical significance.
Table III. Severe compensatory sweating (n  25, 19%; embarrassing, n  21; disabling, n  4) in 132 patients with
complete follow-up
Variable Odds ratio 95% CI P value
Age (per year increase) 0.95 0.89-1.02 .20
Female gender 1.52 0.50-4.56 .46
Positive familial history 1.04 0.42-2.59 .93
Combined plantar hyperhidrosis 1.25 0.46-3.38 .67
Extent of denervation
Two ganglia (n  16) 1 –
Three ganglia (n  73) 0.99 0.24-4.08 .99
Four or more ganglia (n  43) 1.33 0.31-5.82 .70
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to T5 with successful early and late outcome. The remain-
ing patient has chosen not to have further surgery. One
patient who underwent T3-T5 sympathectomy for axillary
hyperhidrosis had some return of axillary sweating 2 years
after the initial procedure (recurrence rate, 3.7%).
Regarding late patient satisfaction, 87% (115/132)
were satisfied or very satisfied with the surgical results and
would recommend the operation to their close relatives. Six
patients (4.5%) were partially satisfied and would again
agree to the operation. Of the 11 patients who were dissat-
isfied with the operative results, CS was considered to be
the main reason in four patients (36.3%). Other causes of
dissatisfaction were conversion, Horner’s syndrome, and
neuralgia in one patient each and temporary relief/recur-
rence in four patients.
DISCUSSION
Compensatory sweating is one of the most trouble-
some and commonly noted complications after thoracic
sympathectomy. The reported incidence rate of CS after
thoracic sympathectomy varies from 24% to 98.6%,3,5 and
the rate of severe CS is reported to be as high as 43%.5 This
wide range may be partly from the intensity of questioning
and the thoroughness of the follow-up examination. In this
study on CS, this complication affected 72% of 132 patients
with complete follow-up and was classified as severe in 19%
(embarrassing in 16%, disabling in 3%). It has been sug-
gested but not yet proven that the incidence of CS is
correlated with the extent of denervation and that extensive
resection beyond the fourth ganglion could aggravate com-
pensatory hyperhidrosis.1,11 In this series, although sympa-
thectomy was bilateral in all cases and although 88% of
patients had three or more ganglia resected, the incidence
rate of CS was in the range of that reported after limited T2
only or T2-T3 ganglionectomy. Furthermore, no signifi-
cant difference was seen in the incidence or severity of CS
according to the extent of denervation in our series. This
finding supports Lai et al,5 who noted no significant differ-
ence in the incidence rate (ie, 98.6%) or severity of CS
between the T2 and T2-T3 sympathectomy groups in their
series. On the other hand, Hederman3 reported a reduced
incidence rate of CS after T2 sympathectomy compared
with T2-T4 sympathectomy to treat palmar hyperhidrosis.
However, Chiou and Chen9 and Hsu and coworkers12
reported an incidence rate of CS as high as 97% and 81%,
respectively, after limited T2 sympathectomy. These large
studies from Taiwan5,9,12 described a higher rate of CS
than is usually reported in Western series, suggesting that
genetic factors or the hot and humid climate in Taı¨wan may
play an important role. However, Reisfeld, Nguyen, and
Pnini13 in a recent Californian study reported an 83%
incidence rate of CS in 650 patients who underwent bilat-
eral T2 sympathectomy for primary palmar hyperhidrosis.
Despite the limited resection, CS was considered to be
disabling in 8% of 321 patients available for follow-up.
Other investigators who limited the level of sectioning to
the T2-T3 ganglion and its connection did not reduce the
occurrence or severity of CS.14-16 In this study, neither the
extent of denervation nor a positive family history of hyper-
hidrosis were correlated with the incidence or severity of
CS. This suggests that the value of limited sympathectomy
to minimize the magnitude of CS requires further evalua-
tion. On the other hand, more extensive resection of the
sympathetic chain seems to provide more effective treat-
ment of the hyperhidrosis. Limited sympathectomy may
only provide temporary relief because of incomplete treat-
ment or recurrence from nerve regeneration.17-19 After
limited T2 sympathectomy, Fox, Hands, and Collin20 re-
ported some return of palmar sweating and recurrent symp-
toms in 12 of 50 patients (24%) after a median follow-up
period of 1.8 years, and Chiou and Chen9 reported a 16%
recurrence rate with a mean follow-up period of 4.9 weeks.
In this series, four of 16 patients (25%) who underwent
limited sympathectomy (T1-T2 or T2-T3) for palmar hy-
perhidrosis also had temporary relief/recurrence at 2, 6, 9,
and 45 months, respectively, after the initial procedure. In
addition, three of them had embarrassing compensatory
axillary hyperhidrosis develop. The latter finding has been
observed by others16,21 and provides further evidence
against not excising the fourth ganglion in patients with
palmar hyperhidrosis.
To minimize CS, Wittmoser et al4 recommended di-
viding the rami communicantes while not excising the
sympathetic trunk (selective sympathectomy). On this ba-
sis, Gossot et al6 retrospectively compared conventional
truncal sympathectomy and selective sympathectomy. Both
procedures were found to be effective in the early outcome
with an equal incidence of CS, and selective sympathec-
tomy resulted in an unacceptable level of recurrence. The
authors acknowledged that not excising the sympathetic
trunk may lead to functional regeneration of the sympa-
thetic ganglia as suggested by Smithwick22 more than 60
years ago.
Our study has certain limitations. The use of well-
defined validated scales23,24 would have been more appro-
priate than the use of our own standardized questionnaires
to evaluate success and satisfaction with the procedure, to
define the severity of CS, and to assess the effect of surgery
on quality of life. Secondly, our inability to detect a differ-
ence between extent of sympathectomy and CS may be the
results of statistical power issues.
On the basis of the previous data and 10 years of
experience with thoracoscopic sympathectomy, we have
progressively extended sympathectomies to resect T2-T4 in
patients with palmar hyperhidrosis. Like others,25 our pol-
icy was to excise T5 in patients with axillary hyperhidrosis to
denervate the axilla. Neither our results nor studies in the
literature support this approach.
In conclusion, CS was the most common long-term
complication of thoracodorsal sympathectomy for primary
hyperhidrosis. Its incidence and severity were not associ-
ated with the extent of sympathectomy.
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